Introduction/Background
Botulism is a potentially lethal disease caused by one of the seven homologous neurotoxic proteins usually produced b y the bacterium Clostridium botulinum. 1, 2 This neuromuscular disorder occurs through an exquisite series of molecular events, ultimately ending with the arrest of acetylcholine release and hence, flaccid paralysis. In light of the recent threats of bioterrorism, it is of significant interest and urgency to develop an ultra-sensitive method to rapidly detect the bacterium Clostridium botulinum. 3, 4 Herein, a rapid in vivo biosensing technology is proposed which involves identifying peptide sequences that will recognize "protein signatures" unique to bacterium Clostridium botulinum. 5 The peptide sequences that are optimized through repeated rounds of screening a randomized peptide libraries attached to nanocrystals, will both penetrate (i.e.. cellular uptake) and exhibit specific binding to protein fragments unique to the bacterium Clostridium botulinum.
Application of metals and semiconductor nanocrystals had been highly focused upon lately due to their diverse yet unique magnetic, optical and electronic properties. In addition, they display broad absorption spectra, which make it possible to excite many QDs to different colors with a single excitation light source. This is certainly an advantage when studying multiple biological targets simultaneously in the bacterial cell. Research Activities/Research Outcome
Peptide library synthesis.
We have recently completed the synthesis of numerous peptide libraries using the "one-bead one-compound" approach ( Fig. 1 ), [11] [12] [13] [14] in which each library consists of approximately 2.5 million unique peptide sequences immobilized on Tentagel ® resins. We had synthesized numerous libraries of peptide sequences with different lengths, namely 5-mer to 9-mer.
As an example, the diversity for the 7-mer and 9-mer libraries are 7   19   and   9   19 respectively (all twenty natural amino acids are employed in the library synthesis process, with the exception of cysteine).
Each of the libraries was subsequently interrogated with the binding domain of Clostridium tetanus, commonly known as the "fragment-C" due to its proximity to the carboxyl end of the neurotoxin protein. Applying the calorimetric assay approach (Fig. 2) , which involves coupling the biotinylated protein t arget with streptavidin-linked Alkaline P hosphatase (AP), unique peptide ligands have been isolated based on a simple color change on the surface of the beads in the presence of the substrate BCIP. The darkeststained beads were then isolated and sequenced through a peptide sequencer. We are currently re-synthesizing three of the peptide sequences for in vitro binding studies with a fluorescently-labeled C. tetanus "fragment-C" protein target. A similar approach will be utilized to approach the binding domain of BoNT/A.
Fig. 1.
A schematic of "mix and pool" synthesis. As shown is a tri-peptide library in which 27 unique peptide ligands can easily be synthesized after 3 rounds with only 3 building blocks.
Fluorescent-based assay for screening peptide libraries.
Modified from a previously reported assay approach by Schreiber and coworkers, we had also successfully employed fluorescent microscopy-base assay to enable more efficient screening of our large collection of peptide- 
Attachment of peptides onto Quantum Dots.
As mentioned, we had successfully completed t he rapid parallel synthesis of the peptide library via standard Fmoc-chemistry on Tentagel ® resin. The positively identified peptides are currently being resynthesized in a larger amount (~3 mg), in which the c rude peptides obtained were subsequently purified via semi-preparative Reversed-Phase HPLC. We are currently performing the following described experiments: The C-terminus of the peptides will be terminated with amide residues, while the N-terminus will be capped with a cysteine amino acid residue. The thiol (-SH) side chain of the N -terminal cysteine residue will allow efficient coupling to the functionalized QDs. As for the functionalization process for the QDs, attachment of the peptide library onto QDs requires that the surface of the nanoparticle be first functionalized with biocompatible dextran. The first step involve crosslinking the dextran-coated QDs with epichlorohydrin and reacting with ammonia to enable the primary amine groups. 10 The second step will be to activate the amino group by reacting it with N-succinimidyl 3-(2 pyridyldithio)propionate such that the various peptide sequences could be easily attached onto the QDs via disulfide bond formation (Fig. 3) . The optimized peptide sequences will then be attached onto gold chips and be read with a portable Surface Plasmon Resonance (SPR) equipment to efficiently analyze and rapidly identify the presence of our target pathogen. Such a tool will aid to discover when and where the inhibitory mechanism occur in the living pathogen cells, thus permitting one to better evaluate and design higher affinity and specificity binding ligands.
